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x KLJKUHSHWLWLRQUDWHVZLWKORZSXOVHHQHUJLHVDQG
x ORZUHSHWLWLRQUDWHVZLWKKLJKSXOVHHQHUJLHV
)RUKLJK UHSHWLWLRQ UDWHVKLJKVFDQQLQJVSHHGVDUHQHFHVVDU\HVSHFLDOO\ZKHQKLJKSXOVHWRSXOVHGLVWDQFHVDUH
GHPDQGHG7KHVHKLJKVFDQQLQJVSHHGVFDQEHDFKLHYHGE\XVLQJSRO\JRQVFDQQLQJV\VWHPV7KHLUVFDQQLQJVSHHG
ODVWVXSWRRYHUPHWHUVSHUVHFRQG:KHQXVLQJSRO\JRQVFDQQLQJV\VWHPVWKHVFDQQLQJILHOGOHQJWKLVIL[HG7KH
VPDOOHUWKHVFDQQLQJVWUXFWXUHWKHKLJKHUWKHGHDGWLPHZKHQQRODVHUSXOVHLVQHHGHG8VLQJKLJKUHSHWLWLRQUDWHV
PD\DGGLWLRQDOO\LQFUHDVHWKHODVHUSODVPDLQWHUDFWLRQ5DFLXNDLWLVHWDO
)RU KLJKHU SXOVH HQHUJLHV ORZHU SXOVH UHSHWLWLRQ UDWHV DUH QHFHVVDU\ IRU WKH VDPH DYHUDJH SRZHU+LJK SXOVH
HQHUJLHVOHDG±GHSHQGLQJRQWKHVSRWVL]HWRKLJKIOXHQFHV8VLQJWKHORJDULWKPLFDEODWLRQODZWKHDEODWLRQUDWH
DQGWKHDEODWLRQHIILFLHQF\FDQEHGHWHUPLQHG,WZDVVKRZQWKDWWKHDEODWLRQHIILFLHQF\WKHDEODWHGYROXPHȴVSHU
WLPHȴtDQGDYHUDJHSRZHUȴPGHSHQGVRQWKHDEODWLRQWKUHVKROGܨ௧௛WKHSHDNIOXHQFHܨ଴DQGWKHRSWLFDOSHQHWUDWLRQ
GHSWKߜ௢௣  7KH RSWLPDO DEODWLRQ IOXHQFH LV GHVFULEHG DV݁ଶ WLPHV WKH DEODWLRQ WKUHVKROG /DXHU HW DO 
1HXHQVFKZDQGHUHWDO
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ZKHUHEPLVWKHSXOVHHQHUJ\DQGwWKHVSRWUDGLXVLQxDQG yGLUHFWLRQ
7RZRUNZLWKDQRSWLPDOIOXHQFHDQGKLJKDYHUDJHSRZHUWKHHQHUJ\RIDVLQJOHSXOVHFDQEHVSOLWLQWRVHYHUDO
SXOVHVIRUSDUDOOHOSURFHVVLQJ,QWKLVFDVHGLIIUDFWLYHRSWLFVFDQEHXVHGWRDFKLHYHV\PPHWULFVSRWV%VLQJHWDO
)RUGULOOLQJ DSSOLFDWLRQV WKH VSRWZDVPXOWLSOLHGXS WR[ VSRWV'XH WR WKHUPDO LQIOXHQFH WKHTXDOLW\
HVSHFLDOO\ LQ WKH FHQWUDO DUHD PD\ GHFUHDVH 7KH SXOVH HQHUJ\ FDQ DOVR EH VSOLW IRU VLPXOWDQHRXV SURFHVVLQJ DW
LQGHSHQGHQWZRUNLQJVWDWLRQV0DQ]$*RULQWRDEXUVWZKLFKUHGXFHVWKHHQHUJ\IRUDVLQJOHSXOVHZLWKLQWKH
EXUVWEXWPD\LQFUHDVHWKHLQWHUDFWLRQEHWZHHQODVHUSXOVHDQGSODVPD+DUWPDQQ
%HDPVKDSLQJDOORZVWRLQIOXHQFHWKHVSDWLDOHQHUJ\RIDODVHUSXOVH7KHUHDUUDQJLQJPD\UHVXOWHJLQDWRSKDW
SURILOH UHFWDQJXODU VKDSHRU D FRPELQDWLRQRIERWK5HFWDQJXODU VSRWV HJ DUHXVHIXO IRU LQFUHDVLQJ WKH SXOVHWR
SXOVHGLVWDQFHZLWKRXWUHGXFLQJWKHTXDOLW\RIDVFULEHGOLQH5XQJ%HDPVKDSLQJFDQEHDFKLHYHGE\
x VWDWLFGLIIUDFWLYHRSWLFDOHOHPHQWV'2(ZKLFKRIIHUDKLJKWUDQVIRUPDWLRQHIILFLHQF\EXWDUHRIWHQOLPLWHGWR
WKHV\VWHPDQGDSSOLFDWLRQWKH\DUHGHVLJQHGIRU
x 6SDWLDO /LJKW0RGXODWRUV 6/0ZKLFKZRUN OLNH DQ/&' DQG RIIHU D KLJK IOH[LELOLW\ 7KHLU WUDQVIRUPDWLRQ
HIILFLHQF\LVYHU\ORZGXHWRGLIIUDFWLRQORVVHVDQGWKHSXOVHSRZHUHVSHFLDOO\LQXOWUDVKRUWSXOVHDSSOLFDWLRQV
LVOLPLWHG
x $FFXVWR2SWLFDQG(OHFWUR2SWLF0RGXODWRUV$20(20ZKLFKXVHWKHGLIIUDFWLRQZLWKLQDFU\VWDORIIHUKLJK
IOH[LELOLW\EXWDUHOLPLWHGWRVL]HRIWKHVPDOOFU\VWDO6PDOOEHDPVL]HVOHDGWRKLJKLQWHQVLWLHVZKLFKFDQGHVWUR\
WKHFU\VWDO
7KLVZRUNSUHVHQWV DEODWLRQ VWXGLHV E\XVLQJ D GHIRUPDEOHPLUURU7KLVPLUURU LV EXLOW E\ D FRPELQDWLRQRI D
SLH]RHOHFWULF FHUDPLF ZKLFK FDQ EH GHIRUPHG E\ DQ HOHFWULFDO YROWDJH 6PDUUD HW DO  ,WV WUDQVPLVVLRQ
HIILFLHQF\LVEHWWHUWKDQGXHWRDFORVHGPLUURUVXUIDFHDQGDKLJKIOH[LEOHDQWLUHIOHFWLRQFRDWLQJRIWKHPLUURU,Q
IRUPHUVWXGLHVWKHKLJKIOH[LELOLW\ZDVXVHGIRUGULOOLQJDSSOLFDWLRQVXVLQJDSLFRVHFRQGODVHU6PDUUDHWDO
([SHULPHQWDO6HWXS
)RU WKLV VWXG\ D SLFRVHFRQG ODVHU 7UXPSI 7UX0LFUR ߬ ൎ ͺ݂ ൌ ͺͲͲܧ௉ǡ௠௔௫ ൌ ͸ʹǤͷɊ DQG D
JDOYR VFDQQLQJ V\VWHP 6FDQODE+XUU\6FDQ ,,ZLWK D IRFDO OHQJWK RI PP LV XVHG WR JHQHUDWH VPDOO FDYLWLHV
DERXW [PPð 7KH WRSRJUDSK\ RI WKH FDYLWLHV LV DQDO\]HG E\ D FKURPDWLF VHQVRU 7KH WRSRJUDSKLF GDWD DUH
DQDO\]HGGXHWRWKHDEODWLRQGHSWKDQGWKHURXJKQHVV&RQVHTXHQWLDOWKHDEODWHGYROXPH ௖ܸFDQEHFDOFXODWHG,Q
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FRQWH[WZLWKJLYHQODVHUSDUDPHWHUVWKHLQGLYLGXDOQXPEHURISXOVHVSHUFDYLW\NcDQGWKHDEODWHGYROXPHSHUSXOVH
 ௖ܰFDQEHGHWHUPLQHG$IWHUZDUGVDWKHRUHWLFDOODVHURQWLPHFDQEHVSHFLILHG7KHODVHURQWLPHLVORZHUWKDQWKH
UHDOSURFHVVLQJWLPHEHFDXVHLWQHJOHFWVDFFHOHUDWLRQVRIWKHPLUURUVDQGRWKHUV\VWHPGHSHQGHQWGHOD\V7KLVZD\
PDNHVLWHDVLHUWRFRPSDUHWKHUHVXOWVRIDJDOYRVFDQQLQJV\VWHPZLWKWKHUHVXOWVRIDSRO\JRQVFDQQLQJV\VWHP
,Q WKLV VWXG\ D GHIRUPDEOH PLUURU LV XVHG WR LQIOXHQFH WKH LQFLGHQW ODVHU EHDP 7KLV PLUURU LV EXLOW E\ D
FRPELQDWLRQ RI D SLH]RHOHFWULF FHUDPLF DQG D PLUURU VXEVWUDWH 7KH SLH]RHOHFWULF FHUDPLF LWVHOI LV GLYLGHG LQWR
LQGLYLGXDOFRQWUROODEOHVHJPHQWVZKLOHWKHPLUURUVXUIDFHLVDFORVHGVXUIDFH(DFKVHJPHQWRIWKHFHUDPLFFDQEH
GHIRUPHGE\DQHOHFWULFYROWDJHEHWZHHQ9DQG97KHGHIRUPDWLRQRIWKHPLUURUVXUIDFHLVFRQWUROOHGE\D
FRPELQDWLRQ RI =HUQLNH3RO\QRPLDOV %\ XVLQJ GLIIHUHQ FRPELQDWLRQ RI =HUQLNH3RO\QRPLDOV WKH PLUURU VXUIDFH
FRXOGEHGHIRUPHGWRUHDOL]HHJGHIRFXVRUDVWLJPDWLFLQIOXHQFHVWRWKHLQFLGHQWEHDP7KHH[DFWLPSDFWLQUHVSHFW
WRWKHODVHUEHDPDUHDQDO\]HGE\PHDVXULQJWKHEHDPGLPHQVLRQDORQJLWVSURSDJDWLRQ7KLVLVGRQHE\DPRWRUL]HG
VHW]S FRPSRVHG RI D &&GFDPHUD QG D PLFURVFRSH REMHFWLYH 7KHVH GDWD DUH XVHG WR UHFRQVWUXFW WKH EHDP
SURSDJDWLRQDQGFDOFXODWHWKHEHDPDUHD
7KHPDWHULDOXVHGIRUWKLVVWXG\LVVWHHOZLWKDWKLFNQHVVRIPPDQGVDPSOHGLPHQVLRQVRI[PPð
$OO FDYLWLHVZHUH UDQGRPL]HG IDEULFDWHGRQ WKH VDPSOHV WR UHGXFH WKH  ORZEXW UHFRJQL]DEOH  WKHUPDO LQIOXHQFH
EHWZHHQFORVHGE\FDYLWLHV7KHVXUIDFHLVFOHDQHGE\XVLQJLVRSURSDQROZLWKQRIXUWKHUWUHDWPHQWRWKHUZLVHQRWHG
([SHULPHQWDO5HVXOWV
,QRUGHUWRGLVFXVVODWHUUHVXOWVLQWKHNQRZQDEODWLRQEHKDYLRUIRUWKLVVHWXSRULJLQDOQRWYDULHGEHDPLV
VKRZQLQ
3.1. Ablation using the original, not influenced beam 
$W ILUVW D EHDP DQDO\VLV RI WKH RULJLQDO EHDP LQ WKLV VHWXS LV VKRZQ LQ )LJ  7KH RULJLQDO EHDP VKRZV DQ
DVWLJPDWLFEHKDYLRUZLWKDPD[LPDOGLVWDQFHEHWZHHQWKHWZRSHUSHQGLFXODUZDLVWSRVLWLRQVRIDERXWP7KH
ZDLVWUDGLXVLVPIRUWKH[D[LVDQGPIRUWKH\D[LV7KH0ðLVGHWHUPLQHGWR[D[LVDQG\D[LV


)LJ3URSDJDWLRQRIWKHUDZEHDPPHDVXUHGE\WKHEHDPDQDO\VLV7KHUDZEHDPVKRZVDQDVWLPDWLFEHKDYLRXU7KHPD[LPDOGLVWDQFHRIWKH
WZRSHUSHQGLFXODUZDLVWVLVP7KHZDLVWUDGLXVLVGHWHUPLQHGWRPLQ[DQGPLQ\GLUHFWLRQ7KHFRUUHVSRQGLQJ0ðLV[D[LV
DQG\D[LV
7KHGHYHORSPHQWRIWKHDEODWLRQGHSWKDVDIXQFWLRQRIWKHQXPEHURIVFDQVDQGWKHZDLVWSRVLWLRQUHODWLYHWRWKH
VXUIDFH RI WKHPDWHULDO LV GHVFULEHG LQ )LJ  OHIW'XH WR WKH WZRSHUSHQGLFXODUZDLVW SRVLWLRQV WKHPHDQZDLVW
SRVLWLRQLVXVHGKHUH7KHSXOVHWRSXOVHGLVWDQFHLVNHSWFRQVWDQW7KHSXOVHHQHUJ\XVHGIRUWKLVILHOGLV-7KH
SXOVHUHSHWLWLRQUDWHLVN+]7KHQXPEHURIVFDQVLVLQFUHDVHGIURPWR7KHZDLVWSRVLWLRQLVYDU\LHGIURP
WRPP1DWXUDOO\WKHUHDFKHGGHSWKLQFUHDVHZLWKFRQWLQXRXVQXPEHURIVFDQV7KHPD[LPXPDEODWLRQGHSWKDQG
WKHUHE\WKHKLJKHVWHIILFLHQF\FDQEHUHDOL]HGZLWKDIRFXVSRVLWLRQZKHUHWKHEHDPZDLVWLVQRWRQWKHVXUIDFHRIWKH
VDPSOH)LJ ULJKWGHPRQVWUDWHV WKHFRUUHVSRQGLQJ URXJKQHVVRI WKH VWUXFWXUHGFDYLW\$ ORFDOPLQLPXPRI WKH
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PHDVXUHGURXJKQHVVRFFXUVZKHQWKHFRUUHODWHGDEODWLRQUHDFKHVLWVPD[LPXP)XUWKHUGHIRFXVLQJOHDGVWRDVPDOO
DEODWLRQEXWDKLJKURXJKQHVV
 
)LJOHIW'HYHORSPHQWRIWKHDEODWLRQGHSWKzablIRUODVHUVWUXFWXUHGFDYLWLHVLQGHSHQGHQFHRIWKHQXPEHURIVFDQF\FOHVNScan)DQGWKHZDLVW
SRVLWLRQzwIRUDFRQVWDQWSXOVHHQHUJ\-DQGUHSHWLWLRQUDWHN+]UHVXOWLQJLQDQDYHUDJHSRZHURI:7KHDEODWLRQGHSWKLQFUHDVHVE\
WKHQXPEHURIVFDQF\FOHV$KLJKHUDEODWLRQGHSWKRFFXUVIRUDGHIRFXVHGEHDP$OWKRXJKWKHWKHIOXHQFHGHFUHDVHVE\GHIRFXVVLQJWKHEHDPWKH
DEODWLRQLQFUHDVHVWRDORFDOPD[LPXP7KHRSWLPDODEODWLRQIOXHQFHFDQEHUHDFKE\GHIRFXVVLQJ5LJKW&RUUHVSRQGLQJURXJKQHVVRIWKH
VWUXFWXUHGFDYLWLHV7KHKLJKHVWDEODWLRQGHSWKVKRZVDORZURXJKQHVV:KHQGHFUHDVLQJWKHIOXHQFHWKHURXJKQHVVLQFUHDVHVVWURQJO\
'XH WR WKHFRQVWDQW VFDQQLQJSDWKHV WKHQXPEHURISXOVHV IRUHDFKFDYLW\ LV WKH VDPH)LJ VKRZV WKH VDPH
EHKDYLRUIRUWKHDEODWLRQSHUSXOVHDVIRUWKHRYHUDOODEODWLRQ7KHSXOVHWRSXOVHGLVWDQFHLVNHSWFRQVWDQWEXWGXH
WRWKHODUJHUEHDPGLDPHWHUWKHSXOVHRYHUODSLQFUHDVHV&KHQJHWDO6GHILQHGWKHQRUPDOL]HGSXOVH
RYHUODSNPOE\
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+HUHWKHTXRWLHQWRIVFDQVSHHGvDQGSXOVHUHSHWLWLRQUDWHfFDQDOVREHZULWWHQDVSXOVHWRSXOVHGLVWDQFHȴS
%\ NHHSLQJ D FRQVWDQW SXOVHWRSXOVH GLVWDQFH DQG LQFUHDVLQJ WKH ZDLVW GLDPHWHU WKH QRUPDOL]HG SXOVH RYHUODS
LQFUHDVHV(JDPSXOVHWRSXOVHGLVWDQFHDQGDZDLVWGLDPHWHURIPOHDGVWRDSXOVHRYHUODSRIZKLOH
DQRYHUODSRIFDQEH UHDFKHGE\ LQFUHDVLQJ WKHZDLVW GLDPHWHU WRPZKLFK LV HTXLWDEOHZLWK DPP
GHIRFXVVHGEHDPLQWKLVVHWXSVHH)LJ$QRWKHUSRLQWRIYLHZGHPRQVWUDWHV WKDWIRUDVPDOOZDLVWGLDPHWHU WKH
QXPEHURISXOVHVSHUSRLQWLVORZHUWKDQIRUDODUJHUZDLVWGLDPHWHU)RUDFRQVWDQWSXOVHWRSXOVHGLVWDQFHRIP
DQGDZDLVWGLDPHWHURIPWKHQXPEHURISXOVHVSHUSRLQWLVZKLOHWKHQXPEHURISXOVHVSHUSRLQWLVIRUD
EHDPGLDPHWHURIP
7KHFDOFXODWHGDEODWLRQUDWHLVVKRZQLQ)LJLQGHSHQGHQFHRIWKHIOXHQFHIRUDFRQVWDQWDYHUDJHSRZHURI:
7KHIOXHQFHFIRUD*DXVVLDQEHDPFDQEHFDOFXODWHGE\HTXDWLRQ7KHDYHUDJHSRZHURI:ZDVDFKLHYHGE\
FRUUHODWLQJ FRPELQDWLRQV RI SXOVH HQHUJ\ DQG UHSHWLWLRQ UDWH 7KH DEODWLRQ UDWH LQFUHDVHV IRU D IOXHQFH DERYH WKH
WKUHVKROGIOXHQFHDQGUHDFKHVDPD[LPXPDWHðWLPHVWKHWKUHVKROGIOXHQFHVHHHTXDWLRQ:KHQLQFUHDVLQJWKH
IOXHQFHIXUWKHU WKHDEODWLRQUDWHGHFUHDVHVDJDLQ7RDFKLHYH WKHKLJKHVWDEODWLRQUDWH WKHRSWLPDODEODWLRQIOXHQFH
QHHGVWREHDFKLHYHG)RUH[DPSOHZKHQXVLQJKLJKSXOVHHQHUJLHVWKHVSRWVL]HQHHGVWREHHQODUJHGWRZRUNZLWK
WKHRSWLPDODEODWLRQIOXHQFH%XWHQODUJLQJWKHVSRWVL]HOHDGWRORZHUDFFXUDF\LQWKHJHQHUDWHGPLFURVWUXFWXUH

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
)LJ$EODWLRQUDWHLQGHSHQGHQFHRQWKHODVHUIOXHQFHIRUVWDLQOHVVVWHHO7KHDEODWLRQUDWHGHSHQGVRQPDWHULDOSURSHUWLHVOLNHWKHSHQHWUDWLRQ
GHSWKįopDQGWKHDEODWLRQWKUHVKROGIOXHQFHFth7KHKLJKHVWDEODWLRQUDWHRFFXUVDWܨ௧௛ ڄ ݁ଶ7KHIOXHQFHLVYDULHGE\SXOVHHQHUJ\DQGVSRWVL]H
YDULDWLRQ7KHVSRWVL]HLVFKDQJHGE\WKHYDULDWLRQRIWKHUHODWLYHIRFXVSRVLWLRQWRWKHVXUIDFH
3.2. Shaped Beam Ablation 
3.2.1. Influence of the deformable mirror to the beam properties 
$VGHVFULEHGLQVHFWLRQWKHGHIRFXVLVWXVHGWRYDU\WKHIOXHQFHDWDFRQVWDQWSXOVHHQHUJ\WKHGHIRUPDEOH
PLUURULVXVHGWRLQIOXHQFHWKHEHDPLQDQDVWLJPDWLFZD\VLQFHLWRIIHUVDKLJKIOH[LELOLW\LQWKLVGHIRUPDWLRQ7KH
DVWLJPDWLF GHIRUPDWLRQ LQIOXHQFHV WKH LQFLGHQW EHDP LQ WZR SHUSHQGLFXODU D[LV :KLOH RQH D[LV LV IRFXVHG WKH
SHUSHQGLFXODUD[LVLVGHIRFXVHG&RQFHUQLQJWKHRSWLFDOVHWXSWKHGHIRUPDWLRQRIWKHPLUURUOHDGVWRDYDULDWLRQRI
WKHGLVWDQFHEHWZHHQWKHSHUSHQGLFXODUZDLVWSRVLWLRQV)LJVKRZVWKHLQIOXHQFHRI WKHZDLVWGLVWDQFHǻwast LQ
GHSHQGHQFHRQWKHDVWLJPDWLFGHIRUPDWLRQRIWKHPLUURU

)LJ'LVWDQFHRIWKHWZRSHUSHQGLFXODUZDLVWVRIDQDVWLJPDWLFEHDPLQGHSHQGHQFHRIWKHDVWLJPDWLFPLUURUGHIRUPDWLRQ7KHGLVWDQFHFDQEH
YDULHGLQDKLJKOLQHDUZD\7KHUDZEHDPVKRZVDQDVWLJPDWLFEHKDYLRXUZKLFKLVLQGLFDWHGE\WKHLQWHUVHFWLRQRIWKHOLQHDUILWWLQJFXUYHZLWKWKH
[D[LVDWF!7KHGHIRUPDEOHPLUURUFDQEHXVHGWRFRUUHFWWKLVEHDPHUURU
8VLQJ WKH DVWLJPDWLF GHIRUPDWLRQ OHDGV WR DQ LQFUHDVH RI WKH GLVWDQFH EHWZHHQ WKH WZR SHUSHQGLFXODU ZDLVW
SRVLWLRQV7KHGLVWDQFHLQFUHDVHVOLQHDU7KHRIIVHWRIWKHOLQHDUFXUYHILWLQGLFDWHVWKHUDZEHDPGHIRUPDWLRQ7KLV
EHDPHUURUFDQEHUHGXFHGXVLQJWKHDVWLJPDWLFGHIRUPDWLRQ
6LPXODWLRQVRIWKHEHDPSURSDJDWLRQIRUDF\OLQGULFDODQGDQDVWLJPDWLFEHDPDUHVKRZQLQ)LJEODFNOLQH
7KHEHDPSDUDPHWHUV DUHNHSW FRQVWDQW H[HSWRI WKHZDLVWSRVLWLRQ IRU HDFKD[LV7KHGLDPHWHURI WKHF\OLQGULFDO
EHDPFKDQJHVDORQJWKHEHDPSURSDJDWLRQ)RUDQDVWLJPDWLFEHDPWKHRULHQWDWLRQDQGWKHIRUPRIWKHVSRWFKDQJHV
ZLWKDQHDUO\URXQGVSRWLQWKHQRPLQDOIRFXVSRVLWLRQDQGDQRYDORUOLQHOLNHJHRPHWU\LQGHIRFXVHGSRVLWLRQ)LJ
DOVRVKRZVWKHFDOFXODWHGEHDPDUHDUHGOLQHZKLFKLVQHFHVVDU\IRUWKHFDOFXODWLRQRIWKHIOXHQFH+HUHLWFDQEH
VKRZQWKDWWKHEHDPDUHDFDQEHNHSWFRQVWDQWFRPSDUHGWRWKHEHDPDUHDRIDGHIRFXVHGEHDP

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
)LJ6LPXODWLRQRIDFLUFXODUDQGDVWLJPDWLFEHDPSURSDJDWLRQEODFN7KHZDLVWGLDPHWHUIRUDFLUFXODUEHDPLVLQGHSHQGHQWRIWKHDQJOH
ZKLOHIRUDQDVWLJPDWLFEHDPWKHZDLVWGLDPHWHUFKDQJHVGXHWRWKHSHUSHQGLFXODUZDLVWSRVLWLRQV7KHGLVWDQFHRIWKHVHSRVLWLRQVLVLQGLFDWHGE\
ȟݓDQGFDQEHYDULHGE\XVLQJWKHDVWLJPDWLFGHIRUPDWLRQRIWKHGHIRUPDEOHPLUURU7KHFDOFXODWHGEHDPDUHDUHGLVVKRZQIRUHDFKEHDP
3.2.2. Ablation results using shaped beams 
7KH DVWLJPDWLF GHIRUPDWLRQ LQIOXHQFHV WKH EHDP VKDSH DQG VL]H :LWK WKLV PHDVXUHPHQW WKH QRPLQDO IRFXV
SRVLWLRQ LV RQ WKH VXUIDFH7KH DVWLJPDWLFGHIRUPDWLRQ OHDGV WR DQ LQFUHDVHRI WKH VSRW DUHD)RU D FRQVWDQWSXOVH
HQHUJ\ WKHDEODWLRQGHSHQGHQFHRQ WKHZDLVWGLVWDQFHEHWZHHQ WKHSHUSHQGLFXODU IRFXVȴǌwDQG WKHSXOVHHQHUJ\
EPLVVKRZQLQ)LJ:KLOHLQFUHDVLQJWKHGLVWDQFHRIWKHSHUSHQGLFXODUZDLVWVRIWKHEHDPWKHDEODWLRQLQWKH
QRPLQDOIRFXVSRVLWLRQLQFUHDVHVWRWKHPD[LPDODEODWLRQ:KLOHLQFUHDVLQJWKHGLVWDQFHRIWKHZDLVWVWKHVSRWVL]H
LQFUHDVHVDVZHOO7KHKLJKHUDEODWLRQRFFXUVGXHWRWKHRSWLPL]HGIOXHQFH7KHGHYHORSPHQWRIWKHDEODWLRQVKRZVD
ORFDOPLQLPXPZKHQWKHWZRSHUSHQGLFXODUZDLVWVRYHUODS'XHWRWKHDVWLJPDWLFUDZEHDPWKLVLVDFKLHYHGE\DQ
DVWLJPDWLFGHIRUPDWLRQRIWKHPLUURU7KHORFDOPLQLPXPRIIHUVDSRVVLELOLW\IRUDQDXWRPDWLFEHDPFRUUHFWLRQ
 
)LJ$EODWLRQSHUSXOVHDVDIXQFWLRQRIWKHSHUSHQGLFXODUZDLVWGLVWDQFHRIWKHDVWLJPDWLFEHDPDQGWKHSXOVHHQHUJ\,WLVVKRZQWKDWIRUKLJK
SXOVHHQHUJLHVDODUJHUGLVWDQFHEHWZHHQWKHSHUSHQGLFXODUZDLVWVRIWKHDVWLJPDWLFEHDPLVQHFHVVDU\WRLQFUHDVHWKHDEODWLRQ'XHWRWKHKLJK
SXOVHHQHUJ\DODUJHUVSRWDUHDLVQHFHVVDU\WRDFKLHYHWKHRSWLPDODEODWLRQIOXHQFH7KHORFDOPLQLPXPLVDFKLHYHGZKHQWKHWZRSHUSHQGLFXODU
ZDLVWVDUHDWWKHVDPHSRVLWLRQ'XHWRWKHDVWLJPDWLFUDZEHDPDQDVWLJPDWLFGHIRUPDWLRQRIWKHPLUURULVQHFHVVDU\WRFRUUHFWWKHUDZEHDP
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'XHWR WKHNQRZOHGJHRI WKHEHDPSURSDJDWLRQE\ WKHEHDPDQDO\VLV WKHEHDPDUHDFDQEHFDOFXODWHG%\WKH
NQRZOHGJHRIWKHEHDPDUHDDQGWKHSXOVHHQHUJ\WKHIOXHQFHFDQEHFDOFXODWHGDVZHOO)LJVKRZVWKHLQIOXHQFH
RIWKHDEODWLRQHIILFLHQF\LQGHSHQGHQFHWRWKHIOXHQFH7KHUHVXOWVDUHQRUPDOL]HGWRWKHDYHUDJHSRZHU7KLVUHVXOWV
LQ WKH DEODWLRQ HIILFLHQF\ WKH DEODWHG YROXPH SHU WLPH DQG DYHUDJH SRZHU ,W FDQ EH VHHQ WKDW DQ RSWLPDO
FRPELQDWLRQRISXOVHHQHUJ\DQGZDLVWGLVWDQFHFDQEHDFKLHYHGIRUHDFKDYHUDJHSRZHUXVHG


)LJ$EODWLRQHIILFLHQF\XVLQJDVWLJPDWLFEHDPGHIRUPDWLRQV7KHIOXHQFHLVYDULHGE\WKHSXOVHHQHUJ\DQGWKHVSRWDUHD7KHVSRWDUHDLV
LQIOXHQFHGE\LQFUHDVLQJWKHGLVWDQFHEHWZHHQWKHSHUSHQGLFXODUZDLVWSRVLWLRQVDQGWKHUHODWLYHSRVLWLRQWRWKHZRUNSLHFH7KHHIILFLHQF\LV
QRUPDOL]HGWRWKHDYHUDJHSRZHU
&RQFOXVLRQDQG2XWORRN
,QWKLVVWXG\WKHYROXPHDEODWLRQRIVWDLQOHVVVWHHOLVVKRZQE\XVLQJYDULRXVEHDPVKDSHV7KHVHEHDPVKDSHV
DUHJHQHUDWHGE\DGHIRUPDEOHPLUURU7KHGHIRUPDWLRQRIWKHPLUURUVXUIDFHUHVXOWVHJLQDQDVWLJPDWLFLQIOXHQFHWR
WKHLQFLGHQWEHDP$QDVWLJPDWLFLQIOXHQFHOHDGVWRDQRYDORUOLQHOLNHVSRW:KLOHWKHVSRWDUHDLQFUHDVHVUDSLGO\E\
GHIRFXVLQJRYDOVSRWVZLWKWKHVDPHDUHDVKRZDODUJHZDLVWGLDPHWHULQRQO\RQHD[LV,WLVVKRZQWKDWWKHDEODWLRQ
HIILFLHQF\GHSHQGVRQWKHWKUHVKROGIOXHQFHRIWKHPDWHULDO7KHRSWLPDODEODWLRQIOXHQFHLVHðWLPHVWKLVWKUHVKROG
IOXHQFH$ERYHWKLVRSWLPDOIOXHQFHWKHHIILFLHQF\GHFUHDVHV7KLVUHVXOWVLQODUJHVSRWDUHDVIRUKLJKSXOVHHQHUJLHV
8VLQJDGHIRFXVIRUHQODUJLQJWKHEHDPDUHDWKHVSRWGLDPHWHULQFUHDVHVE\WKHVTXDUHRIWKHZDLVWGLDPHWHU7KH
DVWLJPDWLFLQIOXHQFHRIWKHPLUURUDOVROHDGVWRDODUJHUEHDPDUHDEXWZLWKWZRLQGHSHQGHQWDQGSHUSHQGLFXODUD[LV
%\RULHQWDWLQJWKHODUJHZDLVWGLDPHWHUSHUSHQGLFXODUWRWKHVFDQQLQJGLUHFWLRQWKHQXPEHURISDUDOOHOOLQHVFDQ
EHUHGXFHG'XHWR WKHKLJKIOH[LELOLW\RI WKHPLUURU WKHRULHQWDWLRQRI WKHEHDPVKDSHFDQEHFKDQJHGZLWKHDFK
VFDQQLQJF\FOHZKLFKRIIHUVKLJKIOH[LELOLW\LQVFULELQJ
$FNQRZOHGJHPHQWV
7KHDXWKRUVZRXOGOLNHWRWKDQNWKH3KRWRQLFV/DERUDWRU\RIWKH8QLYHUVLW\RI$SSOLHG6FLHQFHV0XHQVWHUIRUWKH
WHFKQLFDOVXSSRUWRIWKHGHIRUPDEOHPLUURU
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